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Radiotherapy with proton and ion beams is currently in a 
phase where the facility concepts of the first generation are 
slowly shifting towards new accelerator concepts. In addition 
the majority of the new facilities is equipped with scanning 
beam delivery systems. In the first generation facilities 
“standard” accelerators were used, meaning cyclotrons and 
synchrotrons, which were not specifically designed to be very 
small. Moreover, the vast majority of these systems are 
equipped with so-called passive beam delivery systems. In 
the meantime there exist several concepts for compact 
accelerators, like laser induced particle acceleration, 
dielectric-wall accelerators, very compact gantry mounted 
cyclotrons and compact synchrotrons. Only the latter two 
concepts have been realized, however, in clinical facilities, 
aiming to provide smaller and thus also cheaper single room 
facilities.  
In contrast, the optimization of beam delivery concepts and 
especially fast scanning techniques for the treatment of 
moving tumors may have a stronger impact for the patients 
already on the short term. Besides fast energy switching the 
scanning speed is optimized in this case, to provide a 
drastically shortened treatment time and the potential for 
rescanning within a short time. Many of these improvements 
and developments are concentrating on proton therapy only, 
but also in the case of carbon ion facilities there is a 
continuous improvement of the classical synchrotron 
concepts towards fast switching of beam parameters to 
provide fast scanning and rescanning. In addition the first ion 
beam gantry came into clinical operation and novel, more 
compact, gantry concepts are under investigation. An 
overview of the latest developments, its status and 
perspectives is given in the presentation.  
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Currently newly built particle therapy centers are mostly 
equipped with scanning beams, since they provide highly 
conformal dose distributions when treating static targets. 
However, scanned beams face significant challenges when 
applied to moving targets.  In addition to blurring effects, 
dose inhomogeneities can appear anywhere within a 
treatment field due to interplay between the delivery-time-
line and the time-line of motion. To mitigate motion effects, 
different approaches have been suggested. As the simplest 
solution, one can try to reduce the motion during treatment 
delivery through, for example, breath hold or gating 
techniques.  In this talk, we would like to concentrate on 
motion mitigation techniques that are unique for a scanned 
beam delivery, namely rescanning and tracking. 
The idea of rescanning is to statistically average out dose 
heterogeneities by repeatedly delivering the planned dose to 
the target with an accordingly reduced number of particles 
per scan. The risk of rescanning is the introduction of 
periodicity in the delivery time-line which can lead to 
interference phenomena with the periodicity of the patient 
motion. For a successful application of rescanning it is 
therefore essential to choose the right “flavor” of 
rescanning. Each specific way of scanning and each flavor of 
rescanning has its own characteristic delivery-time-line which 
is machine specific. In this presentation, we will show 
examples to emphasize that for a successful application of 
rescanning it is important to choose a way of scanning and a 
flavor of rescanning appropriate for your specific facility and 
adapted to the characteristics of each specific patient 
(motion characteristic, tumor size, tumor side). 
Beam tracking for particle therapy refers to the lateral 
adaptation of pencil beam position, combined with 
appropriate energy changes to modify the position of the 
Bragg peak in order to compensate for target motion in all 
directions. Tracking relies on motion monitoring; ideally, real 
time 3D imaging should be employed or alternatively pre-
treatment acquired 4DCT in combination with a motion 
surrogate. In current experiments the adaptation parameters 
are determined prior to treatment delivery based on 4DCT 
data, which leads to concerns about variations in patient 
anatomy and respiratory motion between the 4DCT scan and 
the time of treatment. For tracking, it is particularly 
important to minimize the time lag between the detection of 
a geometry change and the corresponding adaptation of the 
beam. By minimizing the time between pre-treatment 
imaging, potential online plan adaptation, and treatment 
delivery, these uncertainties can be reduced, but there is 
need to investigate the robustness of beam tracking, 
particularly over the time scales of fractionated delivery.  
An optimal outcome for moving target geometries is probably 
obtained by combining different motion mitigation 
approaches. As there exist many different motion scenarios 
there is an optimal way to account for motion effects for 
each scenario. Perhaps the ultimate solution for the 
treatment of moving targets with scanned particle beams 
would be the combination of real time tracking and 
rescanning, so called re-tracking. However, to implement this 
clinically, online on-board 3D imaging has to be improved. A 
lot of developments, simulations and verifications have to be 
performed before such a technique could be used clinically. 
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The use of radiotherapy as a method for tumor treatment is 
closely associated with toxicity in healthy tissues. Several 
methods have been developed to address this, using different 
techniques in an attempt to minimize the radiation dose to 
healthy tissues. Some techniques aim at reducing the clinical 
to planning target volume margins which account for the 
movement of the target as well as setup uncertainties. This 
presentation will focus on some of the essential interactions 
between internal and external immobilization techniques and 
image guided radiotherapy, beginning by describing three 
major factors which affect the outcome of radiotherapy: 
rotation, deformation and displacement. Some technique 
examples will be presented including immobilization of the 
prostate, the head and neck area and the rectum. The 
presentation will provide insights into the pros and cons of 
immobilization in an era of image guided radiotherapy.  
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